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ENVIRONMENTAL CONTROL SYSTEM IN AN INTEGRATED PACK ARRANGEMENT WITH

TWO BLEED/OUTFLOW HEAT EXCHANGERS

(57)  An environmental control system (20) for pro-
viding conditioned air to a volume of an aircraft includes
aram air circuit (30) including a ram air shell (52) with at
least one heat exchanger (34, 36) positioned therein. A
dehumidification system (42) is arranged in fluid commu-
nication with the ram air circuit (70) and at least one com-

Flow Sensor

pressing device (60) is arranged in fluid communication
with the ram air circuit (30) and the dehumidification sys-
tem (42). A plurality of mediums is receivable within the
environmental control system (20). A first medium (Al) of
the plurality of mediums is provided from the volume of
the aircraft via at least one valve.
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Description
BACKGROUND

[0001] Exemplary embodiments pertain to the art of
environment control systems and, in particular, to an air-
craft environmental control system (ECS) split pack with
two bleed/outflow heat exchangers.

[0002] In general, contemporary air conditioning sys-
tems are supplied a pressure at cruise that is approxi-
mately 30 psig to 35 psig. The trend in the aerospace
industry today is towards systems with higher efficiency.
One approach to improve airplane efficiency is to elimi-
nate the bleed air entirely and use electrical power to
compress outside air. A second approach is to use lower
engine pressure. The third approach is to use the energy
in the cabin outflow air to compress outside air and bring
itintothe cabin. Each ofthese approaches alone provides
limited efficiency with respect to engine fuel burn. An ap-
proach using bleed and cabin outflow air to power a split
integrated refrigeration package, offering the operational
redundancy of a typical two-pack ECS is described here-
in.

BRIEF DESCRIPTION

[0003] Accordingtoanembodiment, an environmental
control system for providing conditioned air to a volume
of an aircraftincludes a ram air circuit including a ram air
shell with at least one heat exchanger positioned therein.
A dehumidification system is arranged in fluid communi-
cation with the ram air circuit and at least one compress-
ing device is arranged in fluid communication with the
ram air circuit and the dehumidification system. A plurality
of mediums is receivable within the environmental control
system. A first medium of the plurality of mediums is pro-
vided from the volume of the aircraft via atleast one valve.
[0004] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments comprising at least one outflow heat exchanger is
positioned upstream from the ram air circuit, the outflow
heat exchanger being configured to transfer heat be-
tween a second medium of the plurality of mediums and
the first medium.

[0005] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the at least one valve is operable to control a flow
of the first medium to the at least one outflow heat ex-
changer.

[0006] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the at least one valve includes an independently
operable first valve and second valve, and the at least
one outflow heat exchanger includes a first outflow heat
exchanger and a second outflow heat exchanger, the
first valve being operable to control a flow of the first
medium to the first outflow heat exchanger and the sec-
ond valve being operable to control a flow of the first
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medium to the second outflow heat exchanger.

[0007] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the ram air circuit is mounted adjacent a first side
of a structural component and the at least one compress-
ing device is arranged adjacent a second side of the
structural component.

[0008] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the at least one compressing device includes: a
turbine and a compressor operably coupled via a shaft
and a fan operably coupled to the ram air circuit, wherein
the at least one compressing device is arranged non-
linearly with the ram air circuit such that an axis of rotation
of the fan is offset from an axis of rotation of the shaft.
[0009] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the fan is a tip turbine fan.

[0010] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the at least one compressing device includes a
plurality of compressing devices arranged in parallel.
[0011] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the plurality of compressing devices are substan-
tially identical.

[0012] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments comprising at least one compressing device valve
operable to control a flow of one of at least one of the
plurality of mediums to the plurality of compressing de-
vices.

[0013] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments in a first position, the at least one compressing
device valve is configured to direct the flow to only a
portion of the plurality of compressing devices.

[0014] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments in a second position, the at least one compressing
device valve is configured to direct the flow of fluid to
each of the plurality of compressing devices.

[0015] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the ram air circuit includes a plurality of independ-
ent outlets formed in the shell.

[0016] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments at least one outlet is associated with each of the
plurality of compressing devices.

[0017] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the at least one compressing device includes a
turbine having a first inlet and a second inlet configured
to provide energy by expanding one or more of the plu-
rality of mediums, the first inlet being configured to re-
ceive a second medium of the plurality of mediums and
the second inlet being configured to receive a third me-
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dium of the plurality of mediums.

[0018] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the compressor of the at least one compressing
device is configured to receive energy from at least one
of the second medium and the third medium being ex-
panded across the turbine, the compressor being con-
figured to compress the third medium.

[0019] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the environmental control system is operable in a
plurality of modes, and during operation in at least one
of the plurality of modes, the second medium and the
third medium are mixed within the turbine.

[0020] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the environmental control system is operable in a
plurality of modes, and during operation in at least one
of the plurality of modes, the second medium and the
third medium are mixed downstream from the turbine.
[0021] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the second medium is bleed air and the third me-
dium is fresh air.

[0022] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the at least one compressing device further in-
cludes a power turbine configured to provide energy to
the compressor by expanding the first medium of the plu-
rality of mediums.

[0023] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the first medium of the one or more mediums is
cabin discharge air provided from a pressurized area of
the aircraft.

[0024] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments the bleed air circuit is operably coupled to a first
engine, a second engine, and an auxiliary power unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The following descriptions should not be con-
sidered limiting in any way. With reference to the accom-
panying drawings, like elements are numbered alike:

FIG. 1 is schematic illustration of an environmental
control system of according to an embodiment.

DETAILED DESCRIPTION

[0026] A detailed description of one or more embodi-
ments of the disclosed apparatus and method are pre-
sented herein by way of exemplification and not limitation
with reference to the Figures.

[0027] Embodiments herein provide an environmental
control system of an aircraft that mixes mediums from
different sources and uses the different sources to power
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the environmental control system and to provide cabin
pressurization and cooling at high fuel burning efficiency.
The mediums described herein are generally types of air;
however, it should be understood that other mediums,
such as gases, liquids, fluidized solids, or slurries are
also contemplated herein.

[0028] With reference now to FIG. 1, a schematic dia-
gram of an environment control system (ECS) is depicted
according to non-limiting embodiments. Although the en-
vironmental control system 20 is described with refer-
ence to an aircraft, alternative applications are also within
the scope of the disclosure.

[0029] AsshownintheFIG., the system 20 canreceive
afirst medium A1 at at least one first inlet 22 and provide
a conditioned form of the first medium A1 to a volume
24. The conditioned form of the first medium A1 provided
to the volume 24 may be independent or may be a com-
ponent of a mixed medium AM, as described in more
detail below. In embodiments where the environmental
control system 20 is used in an aircraft application, the
first medium A1 is bleed air, which is pressurized air orig-
inating from i.e. being "bled" from, an engine or auxiliary
power unit of the aircraft, illustrated schematically at 26.
Note that one or more of the temperature, humidity, and
pressure of the bleed air can vary based upon a com-
pressor stage and revolutions per minute of the engine.
[0030] The system 20 can receive a second medium
A2 from an inlet 28 and provide a conditioned form of the
second medium A2 to the volume 24, for example as a
portion of the mixed medium AM. In an embodiment, the
second medium A2 is fresh air, such as outside air for
example. The outside air can be procured viaone or more
scooping mechanisms, such as an impact scoop or a
flush scoop for example. Thus, the inlet 28 can be con-
sidered a fresh air inlet or an outside air inlet. Generally,
the fresh air A2 described herein is at an ambient pres-
sure outside of the aircraft with respect to altitude.
[0031] The system 20 can further receive a third me-
dium A3 from the volume 24. In an embodiment, the third
medium A3 is cabin discharge air, which is air leaving
the volume 24 and is discharged overboard. For exam-
ple, the cabin discharge air A3 can be supplied to a des-
tination, such as an outlet. Examples of the outlet can
include, but are not limited to, a ram circuit and/or an
outflow valve (which exhaust overboard).

[0032] The system 20 is configured to extract work
from the third medium A3. In this manner, the pressurized
air of the volume 24 can be utilized by the system 20 to
achieve certain operations required at different altitudes.
Thus, based on modes of operation, the system 20 can
mix the first medium A1, the second medium A2, and/or
the third medium A3 to produce the mixed medium AM.
The mixed medium AM can be mixed air that meets fresh
air requirements set by aviation organizations.

[0033] The environmental control system (ECS) 20 in-
cludes a RAM air circuit 30 including a shell or duct 32
within which one or more heat exchangers are located.
The shell 32 can receive and direct a medium, such as
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ram air for example, through a portion of the system 20.
The one or more heat exchangers are devices built for
efficient heat transfer from one medium to another. Ex-
amples of the type of heat exchangers that may be used,
include, but are not limited to, double pipe, shelland tube,
plate, plate and shell, adiabatic shell, plate fin, pillow
plate, and fluid heat exchangers.

[0034] The one or more heat exchangers arranged
within the shell 32 may be referred to as ram heat ex-
changers. In theillustrated, non-limiting embodiment, the
ram heat exchangers include a primary heat exchanger
34 and a secondary heat exchanger 36. Within the pri-
mary and secondary heat exchangers 34, 36, ram air,
such as outside air for example, acts as a heat sink to
cool the first medium A1, for example bleed air, and/or
the second medium A2, for example fresh air. In a non-
limiting embodiment, an exhaust of the cabin discharge
air A3 can be released through the shell 32 of the ram
circuit 30 and used in conjunction or in place of the ram
air.

[0035] The system 20 additionally includes atleastone
outflow heat exchanger 38. In the illustrated, non-limiting
embodiment, a first outflow heat exchanger 38 is ar-
ranged downstream from a first inlet 22 and a second
outflow heat exchanger 38 is arranged downstream from
a second inlet 22. Each of the outflow heat exchangers
38 is configured to reduce a temperature of the first me-
dium A1 provided thereto. The third medium A3, such as
exhaust of cabin air for example, is recirculated to the
system 20 from the pressurized volume 24, through a
valve 40. Each valve 40 provides a bulkhead penetration
where air can be provided from the pressurized area of
the volume 24 to the unpressurized area containing the
ECS 20.

[0036] As shown, the third medium A3 may be selec-
tively provided via operation of the valves 40 to a corre-
sponding outflow heat exchanger 38, where heat is trans-
ferred to the third medium A3 via a heat exchange rela-
tionship with the first medium A1, before both mediums
are provided to another component of the system 20.
The first medium A1 output from each outflow heat ex-
changer 38 is provided to the ram air circuit 30. In the
illustrated, non-limiting embodiment, the first medium A1
output from the outflow heat exchangers 38 is provided
to the primary heat exchanger 34. The third medium out-
put from each outflow heat exchanger 38 is provided to
a corresponding component, such as a turbine of a com-
pressing device, to be described in more detail below.
[0037] The system 20 also comprises a dehumidifica-
tion system 42 including a reheater 44, a water extractor
46, a condenser 48, and another water extractor 50. The
water extractors 46 and 50 are mechanical devices that
perform a process of removing water from a medium.
The reheater 44 and condenser 48 are particular types
of heat exchangers. In a non-limiting embodiment, a re-
heater 44 and/or a water extractor 46 can combine to
form a high pressure water separator that removes mois-
ture at a highest pressure within an environmental control
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system 20 (e.g., downstream of the primary heat ex-
changer 34). A low-pressure water separator, such as
formed by combined operation of the condenser 48 and
water extractor 50, may be configured to remove mois-
ture at a lowest pressure within an environmental control
system 20, such as at a turbine discharge pressure (e.g.,
mixed air exiting the turbine).

[0038] Atleastone compressing device 60 is arranged
in fluid communication with the ram air circuit 30 and the
dehumidification system 42. In the illustrated, non-limit-
ing embodiment, the system 20 includes a pair of com-
pressing devices 60 arranged in parallel. However, a sys-
tem 20 including more than two compressing devices 60
is also contemplated herein. The compressing devices
60 of the system 20, may, but need not be substantially
identical.

[0039] Each compressing device 60 includes a com-
pressor 62, a turbine 64, a power turbine 66, operably
coupled via a shaft 68. The compressor 62 is a mechan-
ical device that raises a pressure of a medium and can
be driven by another mechanical device (e.g., a motor or
a medium via a turbine). Examples of compressor types
include centrifugal, diagonal or mixed-flow, axial-flow, re-
ciprocating, ionic liquid piston, rotary screw, rotary vane,
scroll, diaphragm, air bubble, etc. As shown, the com-
pressor 62 is configured to receive and pressurize the
second medium A2.

[0040] The turbine 64 and the power turbine 66 are
mechanical devices that expand and extract work from
a medium (also referred to as extracting energy). In the
compressing devices 60, the turbines 64, 66 drive the
compressor 62 via the shaft 68. The turbine 64 can be a
dual entry turbine that includes a plurality of inlet gas flow
paths, such as an inner flow path and an outer flow path,
to enable mixing of alternative medium flows at the exit
of the turbine. The inner flow path can be a first diameter,
and the outer flow path can be a second diameter. The
power turbine 66 can provide power assist to the turbine
based on a mode of operation the system. In a non-lim-
iting embodiment, the turbine 64 can comprise a first noz-
zle configured to accelerate the first medium A1 for entry
into a turbine impeller and a second nozzle is configured
to accelerate the second medium A2 for entry into the
turbine impeller. The turbine impeller (not shown) can be
configured with a first gas path configured to receive the
first medium A1 from the first nozzle and with a second
gas path configured to receive the second medium A2
from the second nozzle.

[0041] Conventional compressing devices 60 addition-
ally include a fan mounted to the shaft 68, and associated
with the ram air circuit of the system 20. The fan 70 is a
mechanical device thatcan force via push or pullmethods
a medium (e.g., ram air) through the shell 32 across the
heat exchangers 34, 36 and at a variable cooling to con-
trol temperatures. Operation of the compressing device,
specifically rotation of the shaft 68 about its axis, would
operate the fan, which would draw air, such as ram air
for example, through the ram air circuit 30 and discharge
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the air overboard. In the illustrated, non-limiting embod-
iment, the ram air circuit 30 and the at least one com-
pressing device 60 are mounted in a non-linear relation-
ship, for example on opposing sides of a structural mem-
ber S of an aircraft. As a result, the at least one fan 70
associated with each compressing device 60 and oper-
able to draw air through the ram air circuit 30 is not mount-
ed to or driven by the shaft 68 of the compressing device
60. Rather, the axis of the fan is offset from the axis of
the shaft. Accordingly, the fans 70 disclosed herein are
driven by a separate power source. Any suitable fan 70
is contemplated herein, for example an electric fan or a
tip turbine fan.

[0042] The elements of the system 20 are connected
via valves, tubes, pipes, and the like. Valves (e.g., flow
regulation device or mass flow valve) are devices that
regulate, direct, and/or control a flow of a medium by
opening, closing, or partially obstructing various pas-
sageways within the tubes, pipes, etc. of the system.
Valves can be operated by actuators, such that flow rates
of the medium in any portion of the system can be reg-
ulated to a desired value. For instance, a pair of valves
V1 control whether a portion of the flow of second medium
A2 from the secondary heat exchanger 36 bypasses a
pass through the dehumidification system 42 and the tur-
bine 64 in accordance with a mode of the system 20.
Similarly, a second valve V2 is configured to operable to
direct a portion of the flow of first medium A1 from the
primary heat exchanger to bypass the dehumidification
system 42 and compression devices 60.

[0043] As previously described, the system 20 in-
cludes a plurality of compressing devices 60 operably
coupled to the ram air circuit 30 and the dehumidification
system 42 in parallel. Accordingly, a valve may be ar-
ranged at each location where a medium is provided to
at least one compression device. For example, in the
illustrated non-limiting embodiment, a third valve V3 is
arranged upstream from a first inlet of the turbine 64, a
fourth valve V4 is arranged upstream from a second inlet
of the turbine 64. Each of these valves V3-V4 is operable
to direct a flow of medium into a portion (i.e. only one) or
each of the compressing devices 60. In an embodiment,
the system 20 is configured through the use of these
valves to operate with reduced performance when only
a portion of the compressing devices 60 are operational.
[0044] Note that a combination of components and el-
ements of the system 20 can be referred to as an air
conditioning package or a pack. The pack can exist be-
tween the inlet, the volume, the outlet, and an exhaust
of the shell. In the illustrated, non-limiting embodiment,
the system configuration is considered an integrated air
conditioning pack because the flow from a single ram air
circuit 30 and a single dehumidification system 42 is
shared by each of the compression devices 60.

[0045] Operation of the system 20 will now be de-
scribed with respect to an aircraft. The system 20 can be
referred to as an advanced pneumatic system that mixes
fresh air (e.g., the second medium A2) with bleed air (e.g.,
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the first medium A1) to produce mixed air (e.g., the mixed
medium AM) according to these operational embodi-
ments. The (dual entry) turbine 64, the compressor 62,
and the fan 70 can receive energy from or impart energy
to the bleed air A1, the cabin discharge air A3, and the
fresh air A2.

[0046] During a first mode of operation of the system
20, energy extracted from the bleed air A1 via the turbine
64 is used to power the compressor 62 to compress the
fresh air A2. In the first mode of operation, the valve 40
operable to provide cabin discharge air to the system 20
is closed. As a result, the bleed air A1 drawn from either
an engine or the auxiliary power unit (e.g., the inlet 22)
passes through the outflow heat exchanger to 38 the pri-
mary heat exchanger 34, with no or minimal heat transfer
occurring within the outflow heat exchanger 38. The pri-
mary heat exchanger 34 cools the bleed air A1 to a nearly
ambient temperature to produce cool bleed air. Valve V2
is arranged within a conduit, downstream from the pri-
mary heat exchanger 34. When the valve V2 is in a first
position, after being cooled inthe primary heat exchanger
34, the flow of bleed air A1 is configured to bypass the
remainder of the system 20 and is directed into the vol-
ume 24. When the valve V2 is in a second position, the
cool bleed air A1 is provided to the dehumidification as-
sembly 42.

[0047] Within the dehumidification assembly 42, the
cool bleed air A1isfirst provided to the reheater44, where
the temperature of the bleed air A1 is increased. From
the reheater 44, the warm bleed air flows through the
water extractor 46 where moisture is removed to produce
awarm, dry bleed air. From the dehumidification assem-
bly 42, the warm, dry bleed air A1 is provided to the tur-
bine 64 of one or both of the compression devices 60. In
an embodiment, the warm, dry bleed air enters the tur-
bines 64 through a first nozzle, where itis expanded and
work is extracted.

[0048] The work extracted by the turbine 64 of one or
both compression devices 60, is used by a corresponding
compressor 62 used to compress the fresh air. The com-
pressed fresh air A2 output from the compressor 62 has
an increased temperature and pressure relative to the
fresh air provided to the inlet of the compressor 62.
[0049] The increased pressure fresh air from the com-
pressor 62 of at least one of the compression devices 60
is then provided to the secondary heat exchanger 36,
where it is cooled by ram air, moved there through via
the one or more fans 70. Within the secondary heat ex-
changer 36, the fresh air A2 may be cooled to nearly
ambient temperature to produce cool pressurized fresh
air before being provided to a downstream portion of the
system 20. Because the fans 70 are separated from the
compressing devices 60, the fan are operated by another
source to move ram air through the ram air heat exchang-
ers (e.g., the primary heat exchanger 34 and the second-
ary heat exchanger 36). In an embodiment, the fans 70
are fluidly connected to the bleed air inlet 22 such that
pressurized bleed air supplied thereto drives operation
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of the fans 70.

[0050] Valves V1 are arranged downstream from the
secondary heat exchanger 36 and upstream form the
turbines 64. When the valves V1 are in a first position,
after being cooled in the secondary heat exchanger 36,
the flow of fresh air A2 is configured to bypass a pass
through the dehumidification system and the turbines 64.
As a result, when the valves are in the first position, at
least a portion of the fresh air A2 output from the sec-
ondary heat exchanger 36 is provided directly to the con-
denser 48, where it is cooled, before being directed into
the volume 24. When the valves V1 are in a second po-
sition, the fresh air A2 is provided to the dehumidification
assembly 42.

[0051] Within the dehumidification assembly 42, the
cool pressurized fresh air A2 is provided to a condenser
48, where the fresh air is cooled, and then to a water
extractor 50 where any free moisture in the pressurized
fresh air A2 is removed to produce dry pressurized fresh
air. This dry, pressurized fresh air is heated within the
reheater 44 before being provided to the turbine 64 of at
least one compression mechanism 60 through a second
nozzle. Within the turbine 64, the dry, warm pressurized
fresh air A2 is expanded and work is extracted therefrom.
[0052] The two air flows (i.e., the bleed air A1 from the
water extractor 46 and the fresh air A2 from the reheater
44) may be mixed at the turbine 64 to produce a mixed
air AM. The mixed air AM leaves the turbine 64 and enters
the condenser 48, where it is warmed through a heat
exchanger relationship with the cool fresh air A2 output
from the secondary heat exchanger 36. The conditioned
mixed air AM is then sent to condition the volume 24.
[0053] Theflow ofthe firstmedium A1, second medium
A2, and ram air are substantially identical in both the first
mode (high altitude) and second mode (low altitude) of
operation. However, during the first mode of operation,
at least one valve 40 is opened and cabin discharge air
A3 is provided to an outflow heat exchanger 38 of the
system 20 from volume 24. For example, in embodiments
where only asingle valve 40 is opened, the valve selected
is the valve associated with the outflow heat exchanger
38 fluidly coupled to the primary heat exchanger 34. Ac-
cordingly, in the first mode of operation, initial cooling of
the first medium A1 occurs by transferring heat from the
hot bleed air A1 to the cabin discharge air A3 within the
outflow heat exchanger 38. Operation of both valves 40
is necessary to drive the turbines 66 of each compressing
device 60.

[0054] As previously described, the compressor 62 re-
ceives energy from the bleed air A1 via turbine 64 to
compress the fresh air. However, this energy may not be
enough to drive the compressor 62 under all operating
conditions. As a result, the cabin discharge air A3 output
from the outflow heat exchanger 38 is provided to power
turbine 66. The supplemental energy extracted from third
medium A3 within the power turbine 66 is used to in-
crease an amount of the fresh air compressed in the com-
pressor 62. From the power turbine, the cabin discharge
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air A3 is provided into the ram air circuit where it is mixed
with the ram air. With the ram air circuit, the mixture of
ram air and cabin discharge air A3 passes through the
secondary heat exchanger 36 and the primary heat ex-
changer 34 before being discharged overboard. In the
illustrated, non-limiting embodiment, the duct 32 includes
a plurality of independent outlets 80 for expelling a me-
dium overboard, at least one outlet being associated with
each compression device 60. As shown, the duct 32 in-
cludes a first outlet 80 and a second outlet 80 separated
from one another by a distance and configured to expel
a medium overboard at opposing sides of the system 20.
[0055] Theintegrated environmental controlsystem 20
described herein has a reduced number of components
compared to conventional 2 pack systems, resulting in
both a cost and weight benefit. Further, by operably cou-
pling a ram air circuit and dehumidification system to a
plurality of compression devices 60, it is possible to
mount the system 20 within one or more bay’s of an air-
craft, such as the tail cone for example.

[0056] The term "about" is intended to include the de-
gree of error associated with measurement of the partic-
ular quantity based upon the equipment available at the
time of filing the application. For example, "about" can
include a range of = 8% or 5%, or 2% of a given value.
[0057] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising,” when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, element components, and/or groups thereof.
[0058] While the present disclosure has been de-
scribed with reference to an exemplary embodiment or
embodiments, it will be understood by those skilled in the
art that various changes may be made and equivalents
may be substituted for elements thereof without depart-
ing from the scope of the present disclosure. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the present dis-
closure without departing from the essential scope there-
of. Therefore, it is intended that the present disclosure
not be limited to the particular embodiment disclosed as
the best mode contemplated for carrying out this present
disclosure, but that the present disclosure will include all
embodiments falling within the scope hereof.

Claims

1. An environmental control system (20) for providing
conditioned air to a volume of an aircraft, comprising:
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a ram air circuit (30) including a ram air shell
(32) having at least one heat exchanger (34, 36)
positioned therein;

a dehumidification system (42) arranged in fluid
communication with the ram air circuit (30); and
at least one compressing device (60) arranged
in fluid communication with the ram air circuit
(30) and the dehumidification system (42); and
a plurality of mediums receivable within the en-
vironmental control system (20), wherein a first
medium of the plurality of mediums is provided
from the volume of the aircraft via at least one
valve.

The environmental control system of claim 1, further
comprising at least one outflow heat exchanger (38)
is positioned upstream from the ram air circuit (30),
the outflow heat exchanger (30) being configured to
transfer heat between a second medium (A2) of the
plurality of mediums and the first medium (A1).

The environmental control system of claim 1 or 2,
wherein the ram air circuit (30) is mounted adjacent
a first side of a structural component and the at least
one compressing device (60) is arranged adjacent
a second side of the structural component.

The environmental control system of claim 1, 2 or 3,
wherein the at least one compressing device (60)
includes:

a turbine (64) and a compressor (62) operably
coupled via a shaft (68); and

afan (70) operably coupled to the ram air circuit
(30), wherein the at least one compressing de-
vice (60) is arranged non-linearly with the ram
air circuit (30) such that an axis of rotation of the
fan (70) is offset from an axis of rotation of the
shaft (68).

The environmental control system of any preceding
claim, wherein the fan (70) is a tip turbine fan.

The environmental control system of any preceding
claim, wherein the at least one compressing device
(60) includes a plurality of compressing devices ar-
ranged in parallel.

The environmental control system of claim 6, where-
in the plurality of compressing devices are substan-
tially identical.

The environmental control system of claim 6, further
comprising at least one compressing device valve
operable to control a flow of one of at least one of
the plurality of mediums to the plurality of compress-
ing devices.
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9.

10.

1.

12.

13.

14.

15.

The environmental control system of any preceding
claim, wherein the ram air circuit (30) includes a plu-
rality of independent outlets (80) formed in the shell
(32).

The environmental control system of any preceding
claim, wherein the at least one compressing device
(60) includes a turbine having a first inlet (22) and a
second inlet (22) configured to provide energy by
expanding one or more of the plurality of mediums,
the first inlet (22) being configured to receive a sec-
ond medium (A2) of the plurality of mediums and the
second inlet (22) being configured to receive a third
medium (A3) of the plurality of mediums.

The environmental control system of claim 10,
wherein the compressor (62) of the atleast one com-
pressing device is configured to receive energy from
at least one of the second medium (A2) and the third
medium (A3) being expanded across the turbine
(64), the compressor (62) being configured to com-
press the third medium (A3).

The environmental control system of claim 10,
wherein the environmental control system (20) is op-
erable in a plurality of modes, and during operation
in at least one of the plurality of modes, the second
medium (A2) and the third medium (A3) are mixed
within the turbine.

The environmental control system of claim 10,
wherein the environmental control system (20) is op-
erable in a plurality of modes, and during operation
in at least one of the plurality of modes, the second
medium (A2) and the third medium (A3) are mixed
downstream from the turbine.

The environmental control system of claim 10,
wherein the at least one compressing device (60)
further includes a power turbine (66) configured to
provide energy to the compressor (62) by expanding
the first medium (A1) of the plurality of mediums.

The environmental control system of any preceding
claim, wherein the first medium (A1) of the one or
more mediums is cabin discharge air provided from
a pressurized area of the aircraft.
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